Rivers are critical to agriculture, industry, and the needs of humans and wildlife. This study evaluates the water quality of the Beheshtabad River in Iran's Chaharmahal and Bakhtiari Province, using water quality index and multivariate statistical methods. Nitrate, temperature, phosphate, turbidity, dissolved oxygen, biological oxygen demand, electrical conductivity, total solids, and pH were measured at five selected stations along the river over 6 months using standard methods. Water quality index results demonstrated that water quality varied in the selected stations between average and good and that pollution in this section of the Beheshtabad River increases from upstream to downstream. Clustering and principal component analysis were also utilized. Multivariate statistical methods were used to analyze water conditions for efficient management of surface water quality. Agricultural fertilizers, upstream wastewater discharge, and fish farms constitute the main elements that decrease the water quality of the Beheshtabad River. To preserve this water resource against pollution, the implementation of stringent rules and guidelines are needed to enhance health and preserve water resources for future generations.
Introduction
For human beings, rivers have always been vital, and to use water resources, cities and industrial as well as agricultural centers have been established close to them. With the passage of time, development of communities, and increased use of water resources, pressures upon controlling water resources and detection of abnormal changes in water quality conditions have increased (Sánchez et al. 2007 ). Population growth, environmental pollution from discharge of urban and industrial sewage, and runoff have increased pollution and limited available water resources (Simeonov et al. 2003; Sánchez et al. 2007 ). Monitoring and controlling surface waters are necessary and vital to assure the availability of high-quality water for its many uses (Bollinger et al. 1999; Sánchez et al. 2007) . One of simple methods that can recount the qualitative conditions of water is the use of water quality indexes (Hoseinzadeh et al. 2015; Barakat et al. 2018) . The National Sanitation Foundation Water Quality Index (NSFWQI) is one of the popular indexes classifying surface water quality that is determined based on temperature, phosphate, nitrate, dissolved oxygen, total solids, biological oxygen demand, pH, and fecal coliform bacteria. This index is very popular and considered comprehensive for the qualitative classification of surface water. With its implementation, it is likely to produce an appropriate view regarding water quality of rivers (Bordalo et al. 2001; Sánchez et al. 2007) . Multivariate statistical methods such as principal component analysis (PCA) and cluster analysis (CA) are used in numerous studies to identify potential pollutants (Gholami and Srikantaswamy 2009; Fan et al. 2010; Massoud 2012; Lin et al. 2017; Misaghi et al. 2017; Zamani-Ahmadmahmoodi et al. 2017) .
PCA is a multivariate statistical technique, and in the cases where large amount of data are available, it is a suitable means to decrease the data (Noori et al. 2009 (Noori et al. , 2010 . In addition, CA is one of the multivariate statistical techniques 1 3 210 Page 2 of 6 used to determine relative similarity in the homogeneity of measured parameters (Shrestha and Kazama 2007) . The Beheshtabad River is one of the most important rivers in Iran. It provides water for several purposes including agricultural activities, fish farms, hydroelectric power plants, and drinking water. This is why monitoring the water quality of this river is very important. In the present study, the water quality of the Beheshtabad River has been evaluated using NSFWQI, CA, and PCA in selected sampling stations.
Materials and methods
The river of interest is located at the village of Beheshtabad, which comprises an area of 3866 square meters in Chaharmahal and Bakhtiari province in Iran. This area is located between 31°28′N and 32°56′N latitude and 50°36′E and 51°45′E longitude. There are many fish farms along this river that are very important in terms of economics of local communities. This river provides water for agricultural activities around it. Recently, an inter-basin water transfer project has been proposed to transfer water from this river to central area of Iran.
To obtain the required information to investigate the water quality of the Beheshtabad River, water was sampled monthly in five stations (Fig. 1 ). Stations were selected based on accessibility and pollution sources along the Beheshtabad River and one of its tributary. After collection, to avoid microbial degradation, the samples were held at 4 °C in a refrigerator without acid preservation. All samples were analyzed within 24 h. The parameters of temperature (T), pH, electrical conductivity (EC), and dissolved oxygen (DO) were measured using a Hach HQ40d portable meter. To analyze other parameters, such as phosphate (PO 4 ), nitrate (NO 3 ), total solids (TS), and biological oxygen demand (BOD), water samples were transferred to the laboratory and were analyzed using methods described in the American Public Health Association manual (APHA 1992) .
In 1970, with the support of the US National Institutes of Health, Brown et al. (1970) presented a qualitative index based on a survey of many professionals in this field with different types of expertise. They first introduced 35 qualitative parameters and then selected nine parameters to create their qualitative index, NSFWQI (Brown et al. 1970 ). NSFWQI formula is as follows [Eq. (1)]:
NFSWQI: water quality index (0-100); Wi: weight of intended factor (0-1); Qi: sub-index resulted from quality index curves (0-100) ( Table 1) .
The SPSS 17 was performed for analyzing the data. The suitability of data for PCA was evaluated by
Kaiser-Meyer-Olkin (KMO) and Bartlett tests. In order to improve the relationship between inputs and primary factors as well as to achieve better resolutions, the Varimax method was used (Noori et al. 2010; Ouyang 2005; Ritters et al. 1995) . To perform CA, averages of nine parameters for five stations were analyzed in MINITAB 17. The similarity between clusters and separating homogenous clusters were determined based on Euclidean distance. In this study, hierarchical CA was implemented for a set of normalized data with Ward's Method.
Results and discussion
The values of NSFWQI are presented in Table 2 , which shows that the water quality during study period was observed to vary between average and good levels. The mean of this index for summer and autumn is presented in Fig. 2 . The mean of the surface water qualitative parameters in the five Beheshtabad River stations over the period of 6 months (Table 3 ) was used to determine the most important parameters using PCA (Table 4) .
After conducting CA, the stations of interest were placed in three clusters (Fig. 3) .
The distance between each of the selected stations in the clusters obtained from CA is the result of correlation and autocorrelation between surface water qualitative parameters. According to Fig. 3 , given distance lower than 50, three clusters were extracted: The first cluster comprised stations 1 and 2, the second cluster contained station 3, and the third cluster incorporated stations 4 and 5.
Results in Table 2 show that the best-quality water was sourced at station 3 in July, August, and December, while the worst was drawn at station 4 in September and October. Regarding the mean, the worst quality was found in September and the best in December. During the 6-month period, based on the water quality index values (Table 1) , the quality in the first 5 months was average and was good only in December (Table 2) .
Since the Beheshtabad River is exposed to tourism, low quality of water is caused by human factors and discharge of wastewater utilities. In station 2 in December, the water quality was good, and in other months, the quality was average, which was the result of illegal wastewater discharge. In addition, other factors such as road construction, cultivation of gardens, agricultural activities around the river, and other human factors adversely affect the quality of this station. The water quality at station 3 in all months was better than that of the other stations, due to increased water flow, dilution and self-purification of agricultural pollutants, and most importantly, the entrance of Joneghan River to the Beheshtabad River at this station. Evaluation at station 4 in December and at station 5 in July showed good water quality, and other months had average quality. The reason for the high quality of water at station 5 is the lack of fish farm activities upstream of this station and within this month. In addition, the low quality of water in stations 4 and 5 in other months comes from agricultural activities and the entrance of wastewaters as well as rice water overflows, fish farms' activities, and discharge of wastewater due to the lack of facilities. Table 5 shows a comparison of water quality index in the Beheshtabad River with different rivers around the world. In Table 6 , the measured parameters with water pollution standard are presented. Water temperature in the study period was 4.9-23.5. One of the important quality parameters in water utilization is pH. Its optimal values (see Table 6 ) are around 6.5-9.5. The dissolved oxygen value in water is dependent on temperature, salinity, barometric pressure, and solids. Moreover, climatic conditions and chemical, biological, and microbial processes are effective in determining oxygen variation in water (Yang et al. 2007) . In this study, in most of the downstream stations, due to increasing rains and water flows, the dissolved oxygen level increases. According to Table 6 , the level of dissolved oxygen in all stations was optimal. The conductivity level in December was standard in all stations. In July, August, September, and October, in all stations except station 3 and in December except stations 1 and 3, conductivity levels are higher due to fish farm activities, industrial pollutants, and geological formations. The highest water quality in terms of BOD was seen in December and the lowest quality occurred in September. In station 3, in all months except September together with stations 1, 3, and 4 in December, the water quality is high, as shown in Table 2 . In all months, the water quality is low in other stations, because water is adversely affected by fish farms and agricultural wastewater. The nitrate levels in July and November in stations 1 and 3, in August and September in station 3, in October in station 1, and in December in stations 1, 2, 3, and 4 were at optimal levels, but other stations were polluted by nitrate. The reason can be the runoff from farmlands and gardens, the use of chemical fertilizers, activities of fish farms, and the wastewater flowing into the river. Generally, the phosphate concentration has been higher from upstream to downstream stations in all stations except station 3 in July and August, due to the activity of fish farms. However, as seen in Table 6 , the Beheshtabad River is not contaminated by phosphate. In the first 3 months of the 6-month test period, the total amounts of solids showed an increase-decrease trend from upstream to downstream. In the third month and at station 3, the lowest and highest values were observed in the last stations. However, the total solids are at standard level, as displayed in Table 6 . Generally, the reasons for increased solids in downstream stations are construction activities and plowing of agricultural land around the river. Since solid materials increase in the river water during autumn, the water quality decreases in this season compared to summer (Fig. 2) .
The mean of the surface water qualitative parameters in the five Beheshtabad River stations over the period of Table 3 Mean of surface water qualitative parameters of the Beheshtabad River Fig. 3 Clustering of stations in the study area using clustering analysis Bordalo et al. (2006) 67.1-47.3 Douro River Sharama et al. (1996) 80-61 Halali River Hooshmand et al. (2008) 65-50 Karoon River
Page 5 of 6 210 6 months (Table 3 ) was used to cluster of stations in the study area. In Fig. 3 , in cluster 1, which includes stations 1 and 2, the mean of EC and nitrate is higher than standard level in station 2. In addition, BOD levels in both stations reflected polluted waters. Other parameters have suitable condition compared to standard level. In cluster 2, which includes station 3, all parameters are in good condition. In cluster 3, which includes stations 4 and 5, phosphate and nitrate parameters in both stations were higher than standard. In addition, with the exception of BOD values, other parameters were in the standard range. As demonstrated in Table 4 , PCA factors are the main factors and express 90.472% of changes or variance. The first factor shows 64.679% of the variance, is introduced as the most important factor justifying water quality changes, and includes TS, EC, BOD, and NO 3 . The second parameter shows 25.793% of variance and includes T, phosphate, DO, and pH.
Conclusions
1. The results of this study show that according to water quality index standards, the quality of the Beheshtabad River did not vary much during the 6-month study period. However, pollution did increase from upstream to downstream. 2. According to CA, separate water quality evaluations of stations were based on surface water quality parameters that are located in three clusters. This clustering makes the achievement of surface water quality management easier. The analysis of PCA shows the importance of parameters in pollution studies, so that parameters that are more important are in factor 1 and less important ones are in the second factor.
3. By conducting analyses and investigating the results, it can be concluded that with wastewater from agricultural activities, gardens, fish farms, construction activities, and the resultant wastewater discharge, the Beheshtabad River's water quality has declined. 4. This study showed the efficiency of multivariate statistical techniques and water quality index to analyze and interpret a dataset for effective evaluation of surface waters. 5. To preserve this water resource against pollution, the implementation of stringent rules and guidelines are needed to enhance health and preserve water resources for future generations. 
